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Ab,stract : Photocurrent results from ferromagnetic materials F c and Ni and d-band metals Pd and Cr is discussed which is calculated 
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Mathieu potential had been applied to photoemission 
calculations by Pachuau et al [1] in the case of empty 
potential and a strong potential [2]. These cases had been 
applied to free-elcctron type metals like Al and Be for empty 
potentials and d-band type metals Cu, W, Mo and also wSi. 
It has been seen that surface photocffcct had been exhibited 
in these metals for values of incident photon energies below 
and above the plasmon energy but within low photon energy 
range. With this view in mind» wc present in this Note, the 
extension of Mathieu potential model developed to the 
calculations of photocurrent from ferromagnetic metals Ni 
^hd Fe and transition metals Pd and Cr.
The photocurrent density formula [ 11 from golden rule 
approximation can be written as
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where ) refer to the initial ■(final) slate wavefunctions,
perturbation H' can be written as
IriLX
{A .p + p.A).
where m,. is the mass of the electron, p  the onc-elcctron 
momentum operator and A is the vector potential of the 
incident photon field. With simple modifications, the photon 
field used in our calculations for three regions can be 
written as
Aa(0),x) =
Ai.C(Q)).d
[1-£(<«)] 
A,.e(ca),
x < - d  (bulk), 
- d < x ^ Q  (surface), (2) 
(vacuum),
where /4| is a  constant depending on the dielectric function 
e(co), photon energy h(0 and angle of incidence d, e((0) 
is defined ItKally and interpolates linearly between the bulk
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and ihc vacuum values. Considering onc-dimcnsional crystal, 
its potential is represented by V(a) = cos2a:x:/u , where 
a is the period of the crystal potential and maximum 
(repulsive) value is at jc = 0. The one dimensional 
SchroedingerVs equation can now be written as
-f («2t/cos2z)*P = 0 ,/•/r ^ (3)
where 2<7 =
a
n_  ;cv j  _
a * \  a
EY ■ Here, q is the
magnitude of the potential which measured its strength. 
Eq. (3) can be solved for obtaining initial state wavefunction 
for the bulk and surface regions {x< 0 )  and also 
for the vacuum regions. These wavcfunctions as derived 
are given by (in atomic units) :
1/2
1 +  V y - / z ( .X ( > - A )  X(\
16 640  ^ /  ^ (4)
X > X o .
The derivation of H^iix.q) had been discussed in detail by 
Pachuau [2,31
The step potential at the surface encountered by an 
electron is defined by V(a) = -K o^ (.y), where 6>(jc) is unit 
function such that 6(x) -  1(0) for .y > 0 (a < 0). The final 
state wavefunction which i$ the solution of this step potential 
and is given by (in atomic units) :
Vf ( x )  = \
lltq ,
2nq,
where fc? = 2 £
2q,
q f +k,
•I f '
JT<0
(bulk and 
surface).
q f - k
* k ,
L l - ^ r
q j = 2 { E f-V o ) a n d E ,
j f > 0  (v a c u u m ) ,
(5)
Ei + hco
observed that maximum in photocurrent is obtained at 
tiO)- 15 eV for d = 10 a.u. For further increase in photon  
energy, photocurrent decreases and becomes minimum at 
fiCO-\9 eV. A second peak of small height in photocurrent 
is obtained at ho) == 24 eV. Similarly in the case of Ni also.
Fe
Figure 1. Vanation of photocurrent against photon energy tor surface 
width d -  10.0 a.u and narrow surface width (d = 0. 0 a.u.) in the case 
of Fe
we have plotted (Figure 2) photocurrent as a function ot 
photon energy for = 10 a.u. For Ni, we find a maxirnuni 
in photocurrent at photon energy ^ m = 1 5 e V , hut it 
decreases towards zero as photon energy is further increased
Ni
9.ME40&
In eq. (5), the factor is included on the surface
and bulk side to take into account the inelastic scattering of 
the electrons.
Photocurrent was calculated from metals Fe, Ni, Pd and 
Cr as a function of incident photon energy (fta>) for two 
different values of surface width d = iO a,u. and d  = 0.0. 
The real and imaginary parts of dielectric constants were 
ca lcu la ted  for each o f these m etals by using the 
experimentally determined values [4] of refractive indices 
and absorption coefficients (extinction constant). However, 
we have used the same surface parameters £ ,,  0 , for all 
the metals as was used in the case of Cu.
Referring to Figure 1, we have plotted photocurrent as 
a function of photon energy (tico) in the case of Fe. It is
t2 IS 90 34
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Figure 2. Same as in Figure 1 in the case of Ni.
Besides these two magnetic metals, photocurrent was 
also calculated in the case of Pd and Cr with the same 
initial parameters as was used in the case of Fe and Ni. The 
behaviour of photocurrent is shown in Figure 3. For surk«ee 
width d =  10 a.u., we find that a maximum in photocurrent 
occurred  at Afi)s=8eV, decreased  to minimum
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cV. It showed a small hump in photocurrenl for 
eV and decreased to minimum again for further 
inLicasc of photon energy. Photocurrent data of Pd showed 
behaviour exactly similar to that obtained by Thapa [5] but 
hy using the Kronig-Penney potential model. For narrow 
sijiface width, photocurrent data showed a constant val^e 
also for Pd when plotted against photon energy. \
Pd 'f
We show in Figure 4, the plot of photocurrent as a 
liinclion of photon energy in the case of Cr. F o r d -  10 a.u., 
there is a peak in photocurrenl obtained at h o ) - \4  eV. 
Again, photocurrent decreased to minimum at h (0 ^ \9  cV  
and showed a second hump of lower magnitude at 
hco = 27 eV. Cr also showed similar behaviour for narrow 
surface width as seen in the case of Fe, Ni and Pd.
Cr
Photon energy (eV)
Pigurc 4. Same as in Figure I in the case of Cr.
We find from our results that in the low photon energy 
range all the metals showed similar trends in the behaviour 
photocurrent for both the surface widths. The origin of 
first peak at = 8 eV in the case of Pd is attrtibuted to
surface photoeffect as explained by Thapa [5] This had 
been evidenced by the plot of field for photon energy below 
and above 8 eV. The decrease in photocurrent to minimum 
after the first peak in all the metals is due to loss of photon 
energy by excitations of bulk plasmons. Plasmons in metals 
and semiconductors play a significant role in transport and 
optical properties. Surface plasmons and in general, the 
dynamical screen properties at the surface attracted therefore 
considerable attention [6,7]. Surface plasmons in particular, 
arc of importance as it is linked to the position of the centroid 
of the screening charge [8] at the surface plasmon frequency. 
Wc assume the surface plasmon frequency {(Os) to be the 
value of photon frequency at which photocurrenl is 
maximum and this is related to bulk plasmon frequency 
(cOg) by (0^ ss cogyfl. Further, it had been already shown 
from electrodynamics of surface phenomena [9] that at 
frequency co^ (O/ ,^ the component of electromagnetic field 
(vector potential) tends towards minimum which causes the 
photocurrent to be also minimum. We find that the metals 
under study, satisfy this condition although bulk plasmon 
frequency (energy) is not a well-defined quantity. Here, we 
have considered it to be equal to the value at which C| —> 0.
We have also plotted photocurrent as a function of hco 
for narrow surface width Le. /^ = 0 a.u. by including Fresnel 
fields for all the metals under study. 7’he behaviour of 
photocurrent in this case, was found to he quite different. 
There is no peak in photocurrent found as in the case for d 
= 10 a.u. The photocurrent in this case, is constant and 
remains parallel with the x-axis. This indicates that inclusion 
of field is important in photoemission calculations.
Wc have tried in this report to see the effect of Mathieu 
type of potential on photoemission calculations. Wc find 
that photocurrent results from these metals showed similar 
behaviour as had been obtained by 7bapa et al [10| in the 
case of other metals and semiconductors [11]. However, the 
main drawback of the model presented here is that the same 
initial state wavefunction is used both for the surface and 
the bulk regions of the metal to calculate the photocurrent. 
We are working to represent the initial state wavefunction 
accurately for these regions by applying the projection 
operator method of group theory (12].
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